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T, of bound water, tissue 7}, bound water, thermal analysis

R O T g E L S S O

Proton MR T, values for biological tissues have been accounted for by a simple
equation derived from a two-state model, however, their T, of bound water (T,,) have
never been examined in detail. The model shows that T, value is determined by values
of bound water fraction (a) and 7,,. These two values for gelatin solutions and three
kinds of human tissues (sera, brain tumor tissues, and cerebral white matters) were in-
vestigated.

Bound water fractions in each sample were measured by means of thermal analysis
(differential scanning calorimetry). T, values were measured by FONAR QED 80-«
(magnetic field strength of the focused spot: 465 gauss, progressive saturation method).
T, values were calculated from values of 7, and a.

In the study of gelatin solutions (10~30 %), relationship between 7, and water
content differed depending on the sorts of solutions. This was considered to be based on
differences in 7', values. In each biological tissue the values of Ty, and a had different
distribution. 7'}, values for sera were prolonged more than 80 msec, while those for
many solid tissues remained around 50 msec. Values of a for brain tumor tissues ranged

from 0.10 to 0.16, and T, values varied from 39 to 177 msec. These results indicate
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that values of T, and a for biological tissues may be altered in correspondence to the

changes in pathophysiological status in tissues.

1 Lok

7= by MR 2 ¢y RTERMEH T 6,
KERETHCET A M mEECHD . EFM
oo BRI NS T (B, x0 8L 2T, ©
DERAMO X FTFRER N EETNTDY,
FofExDBEROKNTE - b KRELD DI,
BRAK RO KRS EERELEZ DT, KES
DMENFNETRLTNAHY™® L AT, two-
state model 1T X B &, KL E HKE FEE KD
LRSI hTEY, chbr FEELTEIL Th
HRT 5 BB RHT L S BIRFELWAR
HNORRAEZE (a2 5 2 L0 AREE Bbhd . &
CCAE, €5 F VR IO 2O A RIS
LEEaK T, HOREL RAH, MEKELGRE
LA FDOERCOVWTHRART -1,

2 BHmmMER

A KDOREEE LTHL 0 TAP O RREE
NTWAL, T I Tk two-state modell®, 1D 2 45
5. Ticbb, AEHRO KD KEBHLA BHIK
Thh, EEBESTFICHEIEE IR TV DHEK
L M ToT\h T 5H L, Zimmerman
HOMEHP X ) RAHHILT B .

1/Ty=aTy+ (1 —a) /Ty (€Y)

Z 2T, a ZFEAEKEAGER, Ty LG KD

T, Ty lXEBKD T, THS,

= ff 19864£4 A 7 H

BTz 19864 4 A20H

ARIEE R (7508) rREliTh 2 O3y 1-33
R ) || T R B PR I Bt
& M iR

1T, Ty ixffiko T, fEC—ETHD DT,
AL T 5 R oEEKELGER (a) & Ty EN
arhiug, QO KX viEako Ty E Ty
BIRDDHZENTED,

3 x& &Ik

B Licibhy, OMEHESORNL 2HO X
57 VR (MR THEKAEEH, Lot No.
ALG 3816 & Lot No. ALF 4743) X b {Fil L7c
YLBE 70~90 % DRI A% OB, @AM
L LTIEWA9 %, MEFEHES AL HM L
e b, FATEC R S i B A 7 61,
EIBNEA 3 PITH S

EEKEASR (a) 1%, mEEEMEIER
(differential scanning calorimetry: DSC)I®,14 1z

X0 EH L, EBcix, DSC #dEsEt (SSC/

560 REEAMEN, v 2-ETFTELD %

FAVT, 3B 10~30mg HPEMR 7 I =7 A
AR AR, —60°C % T 10°C/min TLHHEAH
T5 L, HEKOERT XS REIILERR &
DIREELY 01T FON Fxbifc BEs LT
DSC s (K1) i »mhsn., oo -7 i
CTHE RS OERE (Y- 27 HED 2 HHBEK
B FEW) »EH Lk, SO EBRETKERE
W) w3k, TR BOENDIEEKE BW I
L0 BW/SO), fEakErsy®R (a) & lE Lic
GE 1-1D.

T, fEfl5Ex, FONAR QED 80 a MR > 2 5
& (WBHREE 465 v A, 53— €7 PR 2.12
MHz, BEgfEMEE, <V ARINES Ao flic L
progressive saturation #) 1 X b TFotz, T,
- in vitro, 21°C THIE Lz, HEKD T,
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A B
1 DSC curve

The amount of free water is proportional to
the area surrounded by the curve and base line
A-B. Line C-D represents the temperature of the
sample.

7.

Ulkms@Eent T, Ty, o (1) X GE
1-D w fRALT, ﬂ%ﬁﬂ(‘@ T, (Ty) %KD,
a, W L L ieket Lic,

4 B

1 EI3FKBR

BEFRSORCD 2D ¥ 5 F KD IR
L7cKEWE (A, B @ ZhZhKky&HE 70~90
%T, 5 %MWDO5EME) XD 3~52D%v
L& LD, KNEER HEKkeErsxR (0, Th
HxZEM L, 21T, O REbEhLhofs
ko T, {H (Ty) *EH L (F2), €55
VKB A, BEbiwall, KoahtE (W) o
BEINC FE » THE @ W Lichs, BW/SC (k) i1
IFIE—EEx & 57, £ LT, BW/SC D A o
#(E (0.78+0.06) &, BoFHE (1.0+0.11)
R B EE (p<0.01) b, Fi T,
iy, KOEEEOHIMCID A, BLLILEH
WCHERH R Liens, Ty WBREERICE EED,
A D FL 40. 1226, 9 msec, B 10820 msec
ThY, BIRAD2fEUETH-Tc, ZZTI/W

#x 1 Formulae

1. Two-state model
1 a l—a
L =%
Ty Ty Ty
T=2.35 (sec)
II. Water components

__BWIFW
BWHFW+SC

w=

I1I. Correlation between 7', and W

1 1 1
=PX—"F(-—o-—P
T w TP

1 1
roxx(A- 4]
le Tlf

Abbreviations; T',: T, of bound water, Tys: T}
of free water.

a : bound water fraction, W: water content

k: hydration fraction (water binding to solid tissue
component)

BW: bound water, FW: free water

SC: solid tissue component

& 1T, oBfRE A B E, A, B TR EFNIERMK
#00.995, 0.999 DEHMBAGREY BT (K2),
2 E K HE B

F 31X, EHA94 (volunteer 1~9), FMIEHE
B¥ 54 (patient 1~5) D MmiF >WT HJEL
TRERTHD. KyEHE (W), e KeELHE
(), T\ {H, FHEKEAHHE (Ty) XThi
WHMEC FEZEL s o7, L» L, patient 5
D T, {H3 X O Ty, fHIL, patient 4 O KGFEH
B (W) L3R UfEx R Licic s bbb b T3
B e LT\,

P AR T, BANSNE 3 ¢, PRRESANE 1 6
R IMIEE 3 Mla X e tiat Lz, REEA4
Word, Ty fH, Ty fHEOKE RS LTaD
At bichote, £ LT, Ky&aED LR
EAMER R Liciliko T, flEx s 5 &, No. 1 &
No. 3 $ X0 No. 2 & No. 5 & T, fHiXZzh%Z
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#F 2 Values of bound water fraction (a), hydration fraction (k), 7,, and T, in gelatin solutions of

valid concentrations

A (Lot No. ALG 3816)

B (Lot No. ALF 4743)

Water content (W) 0.709 0.768 0.810 0.845 0.904 0.725 0.764 0.822 0.854 0.893
a 0.292 0.243 0.174 0.142 0.093 0.405 0.267 0.240 0.167 0.129
BW/SC (k) 0.71 0.80 0.74 0.77 0.86 1.1 0.86 1.1 0.98 1.1
T, (msec) 111 142 195 280 447 230 277 413 534 767
Ty, (msec) 33.5 36.2 36.4 44.3 50. 2 98.9 81.0 114 110 136
101 A #* 3 Water content, bound water fraction, T,
AT 2LV =232 m 6.905) and. T, measured in sera of volunteer and
B:1/Ty=119:1/W—12.1(r=0999) patient groups
& w a T,(msec) Ty,(msec)
~ volunteer 1 0.912 0.153 581 112
Ig 6 B volunteer 2 0.895 0.169 665 147
= volunteer 3 0.907 0.149 630 122
g . volunteer 4 0.906 0.112 707 108
— volunteer 5 0.898 0.093 693 88.0
volunteer 6 0.918 0.148 630 121
2 volunteer 7 0.905 0.141 653 121
o volunteer 8 0.896 0.135 565 96.3
volunteer 9 0.910 0.108 640 91.3
01,0 11 1.2 13 14 15 mean 0.905 0.134 640 112
1/W patient 1 0.896 0.127 797 114
2 Linear regression lines of 1/T versus 1/W patient 2 0.882 0.092 801 107
for two different gelatin solutions. patient 3 0.915  0.094 710 90.3
patient 4 0.933 0.148 660 128
NKGEEEOEGEBC S WTIERE LT\, patient 5 0.940 0.126 1,028 210
to ko, Ty B Ky aEEE O BRITE mean 0.913 0.117 799 130

(N

W, BRI BRI L7 i oD JE s R

517, No. 3 XFREEK 7 » B o Il ZE4 5
T, No. 1 X0t No. 2 i3 EMFEMTIRED I
WRMABETH S, MEZERB (BB kT
i, W, T i kBMEEC L LTEWD, a Ty
T ET LT,
IS A I RMAE L T 5 &, W,

Ty, Ty VTR EWEYTRT &S00
By, a B EER RTEEC S - T,
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b b e B RIES % X0t KIMEED
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Xy EEAMcks TS T, {ED
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3% 4 Values of water content, bound water fraction, 7'y, and T, in brain tumor tissues

Ay a T (msec) T, (msec)
No. 1 meningioma (transitional) 0. 840 0.156 315 55.4
No. 2 meningioma (angioblastic) 0. 866 0.122 551 84.6
No. 3 meningioma (hemangiopericytic) 0. 836 0.124 382 55.2
No. 4 neurinoma 0. 807 0.123 285 39.2
No. 5 metastasis (breast cancer) 0. 869 0.131 336 50.3
No. 6 metastasis (lung cancer) 0. 846 0.112 328 41.9
No. 7 metastasis (lung cancer) 0.939 0.120 950 177

% 5 Water content, bound water fraction, 7', and T, for brain tissues taken from autopsy

W a T (msec) Tp(msec)
No. 1 white matter 0. 690 0.165 227 40.7
No. 2 white matter 0. 662 0.187 194 38.9
No. 3 infarction 0.784 0. 081 346 32.4

g Ty ([HC 8% I3 #R T To Rk
BRSO D b T &, T ORE, EEMER
HbBAlEhSE T, HiY, ToOKGEEECKE
B ZFHEDHLMIEINTETWS,
Inch 58943, A kEfE LO¥ 55 v KERE
RV ER»bKkGEFERE T EE ORI EH
7o RHAIBEGRE R LTw5, Zhik, SEbh
hds £ L two-state model 23\~ C, T,
L kDERERERETH LI X ) ERANCE
lzEnTEs (E D, LrlLEk, Koae
BELGCRBEBo o T, HOZELS %<
WAEIN TR HIOOV® - =3 A IKE LR
() F74 k DHOELTHB I N T X 119,20,
LT, #AEKT, B (T OMBEO Z3FE
BThWEIRTERY, L oan, £EO
bhbho €75 v KEROERTIE, K2R
T L3I ETF VA BirrhFh 1/W L 1/T,
PRI EMAGRERL, W & T 2 AR
BBHZrwih Inch O FERE—FH L, La
L, L Ty [ERKGEEEDOARIC L - THEZ
naEThE, A, BEARUL—2DERICES

NMR 2 Vol.6 No.2 (1986)

T THAHN, A, B G FIRER TS & B
FBEUL0.792 L e, €F5F VA, BITZOoDE
MTroEEhs, chixA, BETT, ¥/
Xk DHERRILBIDTHLEEZ BILA. EE
ALBoD Ty, kO, £hZh 40.1 £ 0.78
F L1088 & 1.0 T Thd BRELHEL L
O ENL XSF v FEHLSTE, BRT I/
B, i, TR0z SWWEET 5
HAKOE B IV EDO HEY mTh0LEZ DR
5.
IDETFVvOERICE T, RERERRE T
DEHEREI L NEINTER T, HL KELE
fELCwkeo bl EHENS, Fung 19
X, R R D T B0 5 — = 7 AR ERE
WA B LT, B o T EERIL a DT
XoTkh, Ty OFITRVE LI, Liv L,
Bl a0 EHERE LE TR BT, i, —5°
CUTTOMREBKRD Ty % Ty, E R LT\ 5,
THAREEEKCHR TS L EZ DD R LOW
MR D, ¥, B (4.5~60 MHz) ©
i Ty (EOZEALR Y 22 35 fo ik D
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bound water fraction ()

3 Distribution of values of bound water frac-
tion and Ty, in various states of biological
tissues.

ERRL bhich ot Ex bd, % Fuller-
ton B2, Ty, 285 — = 7 RWEH & AR s
HIEwiERE L., ok, Ty OFEMED £
5 — =7 AERCR T AELTL L TERI/NE
WD FD LSRR s tc b ELBbRA, L
Tl o T, TORERNPBICEBIT, HHT—ET
BRI 31D Ty A\ d e 5B TL—ETH
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S TWBTdERER Ty BOELERL 5 2 Lo
TElEFEz2 b,

Two-state model 1= X uiE, TifHix a & Ty, D
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5. Lo T, »HBEUEEL T I bD
xR ETIE, €537 voBf LRk, 4%
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POEHF LN TELLEEbNS,

Z =T, HAABBRC B\ THIE LI a & Ty, &
ORBRY X 3RS, b bMEDKEEKELHEK
2O BIT BEEB L TR Y, BMEME DEILs
WS, Ty Uk 80 msee Db CHEE e iM%k (50 msec
Wit EkELfRico>TWwAh, L patient 5
D Ty BERRERY L TR D, UL mER
&2y 3.8g/dl IfEH Vv A 9.0mEq/l D
% e LIS A RO FERER IR b D& F
2 bha. ¥t BERMEAMCK\TY Ty, (E12FE
2 WHEAL LT\ B, BRI D K% 5
TGO —F B4 o No. 7) Tk, #H
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Ty (X JER LT\ 72, F7z, meningioma
W3\ C IR 4 D B8 7. angioblastic type (3
4 » No. 2) T}, transitional type (No. 1) ¥
X 0% hemangiopericytic type (No. 3) X b 3 T},
BIER LT\ e, —77, PERZER TiR IE R X
DB FEAKEALGRMMEL, Ty XD b aDfET
IV HBEBRELRTRINSGGE D H o,

BB Dlel, RBAES BElFNEL &
Ty B X aoxinb Wb T, il
LA AR\ Th a Ty ITARBRZELT
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